CM 
< 

o> 
co 

CO 



i cited in the European oearch 
Report of EP02.cO t €^> 3 
Your Ref.: Q £ ftft 



i < 

11 



(19) 



J 



" Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

30.12.1998 Bulletin 1998/53 

(21) Application number: 98111214.7 

(22) Date of filing: 18.06.1998 



(n) EP 0 887 947 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : H04B 7/005 



(84) Designated Contracting States: 


(72) Inventor: Mimura, Yukie 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Minato-ku, Tokyo (JP) 


MCNLPT SE 




Designated Extension States: 


(74) Representative: 


AL LT LV MK RO SI 


Baronetzky, Klaus, Dipl.-tng. et al 
Patentanwafte 


(30) Priority: 27.06.1997 JP 172072/97 


Dipl.-lng. R. Splanemann, Dr. B. Reitzner, Dipl.- 


(71) Applicant: NEC CORPORATION 


Ing. K. Baronetzky 


Tal13 


Tokyo (JP) 


80331 Munchen (DE) 



(54) Method of controlling transmitting power of a base station in a CDMA mobile communication 
system 



(57) A method is disclosed for controlling the trans- 
mitting power of a base station in a CDMA mobile com- 
munication system. The total transmitting power Ptotal 
of communication channels is calculated and compared 
with the maximum total transmitting power Pmax. A 
transmitting power reduction rate D^ stored at the time 
of the previous control process is used when calculating 
maximum total transmitting power Pmax. The propor- 
tion of insufficiency of transmitting power is calculated 
as power reduction rate D t based on the results of com- 
parison, and this reduction rate D, is used to reduce the 
transmitting power of each communication channel. 
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calculating the desired transmitting 
power Po(i) of the channel i 




Pa (i) =Pmax_1ch/ (Dt-f*) 



calculating the total transmitting power P total 

P total=Dt-1£Ptx (j) 
+ P0 (i) Dt-I 0 * ' 



B3 




calculating 


the 


power reduction rate Dt 


Dt= 
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totol/Pmax 



Dt=Dt-1 
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calculating the transmitting power of each 
communication channel 

Ptx 0) -Ptx (j) Dt-1 /Dt 
Ptx (i) =Pa (i) Dt-1 «* /Dt 
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Description 

BACKGROUND OF THE INVENTION 
s 1. Field of the Invention: 

io 2. Description of the Related Art: 
goring the ori^^ 

as the transmitting side. Assignment of an orthoaonai JrlL ^Z modulation that uses the same spread code 

communicate simuKaneous./on C^C^SSS* * "* ^ * ° f USere to 

band" ,n "1^^ * ? *" «™ 

wave signa. component con^ne^t^ ^ <"*»<*>™t and inteSrence 

by way of the same propagation path When a calTte a T Stati ° n a " reaeh the mobi,e stations 
neously from the same base ££? iiS^^SSJTT 3 f t0 m ° b " e Steti ° n B are mad « Simu,ta " 
and receives the transmission sign* ,0^ tSSJT - ™ 2"*' 

components S A and S B have the same flurt. .ation ierTe [ ence wave s, gna» S B . However, these received signal 

transmission path fromV bate sTa^n ^ b ' ™* of the saL 

the received power of the desired wax,* to th* r ~V , ' S, 9 na, - to - ,n terfe^nce power Ratio (ratio of 

"^then^e*^^^^^ 

nal component transmittedTom tese St^ Y TLch m P Si?^"^ transmrtted from tese *a*>n X and the sig- 
fore. the fluctuation characteristic??^?"^ StaTSSl2Sff57 * T * differ6nt P"""**'" P*» ™ere- 

^ r ,n% C ucr^ r » 

above t^eSn^^ -*0 *• transmitting power of a base sta«on 

can also be avokled by increasfng Te base Zfon t^Snn ™ ^ de 9 radation ir > speech quality 

located at a point reached by* SuS^s^JSZT? 9 T referenCe po "" er for a ""N 6 Nation 

base station must be reduced Llow the rtfSnl ? ^l 0 *** h3nd ' the *^"smitting power of the 

quality because the inS2£^^ T? 6 Steti ° nS that have *»* s P e «* 

station must be reduced These factors^ 0™^ 2?T S ,nat are communicating with the base 

uniform speech qua^TnTse^a^a tranSmmin9 ° f the baSe station in ordar » «** 

"esTsfe^ 

nication Networks" by A. Salmasi and K. S. a^^^^^Z^ ^ C ° mmU " 
c-c^Vth^^ for r ° ,,in9 ^ — ^er ofa base sta.on dis- 

The transmitter consist Z number N of tZS^ T 6 ' * " B0-W> and 9ntema branchin 9 fi,ter 
pi.ot channel transmitter 102 . Z^ZZtt^SZXZ* ^ 

t-s^ **** « ^— to communication channel 

signals. After carrying out Smatfon JSSSS^S * P ° a " nel 102 the signals are pi.ot 

individual channe7transm]«eM0l Z S^SSS ET" 0 " t0 "" ^ frequenCy bandwidtn ' each 
corresponding to the object mobilestetion ^^^^^^^ y ,^^ S ^^^ ^ r ^^ 
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signal amplified by amplifier 1 09 to de-spread modulation and extract a radio frequency bandwidth signal, and then fre- 
quency-convert the radio frequency signal to a baseband signal, generate an analog signal by demodulation, and out- 
put the result. In addition, communication channel receivers 110 each decode quality information attached to radio 
signals received from mobile station 1 13 (information indicating the quality of signals transmitted to mobile station 1 13 

5 from the base station, i.e., SIR as measured at mobile station 1 13), and output to quality judging unit 1 12. Quality judg- 
ing unit 112 judges the quality of signals transmitted from the base station to mobile station 113 based on this quality 
information and notifies transmitting power decision unit 106. Transmitting power decision unit 106 sets the communi- 
cation channel transmitting power for the mobile station based on the quality notified from quality judging unit 1 12 and 
sets each transmitter 101 to this transmitting power. 

10 in a device for controlling transmitting power of a base station according to this configuration, the transmitting power 
of a base station is controlled based on the SIR measured at a mobile station. When the SIR measured at the mobile 
station is lower than a reference value, a request signal to increase the transmitting power is transmitted to the base 
station. When the measured SIR is greater than the reference value, a request signal to decrease the transmitting 
power is transmitted to the base station. The base station receives these request signals and either increases or 

is decreases the transmitting power by a prescribed control step power, a small value such as 0.5 dB being used as the 
control step power. Control is limited to a range of, for example, ±6 dB with respect to the reference power. 

In a case in which the total transmitting power of the base station increases and approaches a predetermined max- 
imum transmitting power in the device for controlling transmitting power of a base station of the prior art described here- 
inabove, the base station is unable to increase the power in accordance with the demand of a mobile station despite 

20 the transmission of request signals to increase transmitting power from a mobile station because the total transmitting 
power would then exceed the maximum transmitting power. In the event of insufficient transmitting power in such a 
case, there is the problem that the waveform of the transmitting signal of the base station is distorted, thereby prevent- 
ing correct demodulation of the signal at the mobile station and giving rise to degradation of speech quality. Such cases 
of insufficient base station transmitting power tend to occur at base stations having, for example, increased traffic. 

25 

SUMMARY OF THE INVENTION 

It is an object of the present invention is to provide a method and device for controlling the transmitting power of a 
base station in a CDMA cellular system that can reduce degradation in forward speech quality in cases in which the total 
30 base station transmitting power increases and the base station is unable to transmit the power desired by mobile sta- 
tions. 

To achieve the above-described object, in the method of controlling the transmitting power of a base station in a 
CDMA mobile communication system according to the present invention, a desired transmitting power Pa(i) of a trans- 
mitting power control object channel i which is one channel selected for transmitting power control from among a plu- 
35 rality of communication channels, is calculated. This desired transmitting power Pa(i) is then added to the transmitting 
powers Ptx(j) that are currently set to communication channels j, which are communication channels other than this 
transmitting power control object channel i, and this sum is taken as the total base station transmitting power Ptotal. 

The total base station transmitting power Ptotal is then compared with a predetermined maximum total transmitting 
power Pmax, and when the total base station transmitting power Ptotal is greater than the maximum total transmitting 
40 power Pmax, the total base station transmitting power Ptotal is divided by the maximum total transmitting power Pmax 
to calculate the proportion of insufficient transmitting power and find a power reduction rate D t . 

A value obtained by using power reduction rate D, to reduce the desired transmitting power Pa(i) is then set as the 
new transmitting power of transmitting power control object channel i, and a value obtained by using power reduction 
rate D t to reduce each transmitting power Ptx(j) currently set to each current communication channel j is set as the new 
45 transmitting power of each of communication channels j. 

The present invention allows the total base station transmitting power Ptotal to be controlled so as not to exceed 
the maximum total transmitting power Pmax by reducing the transmitting power of each communication channel by this 
power reduction rate D t . 

In addition, in the another method of controlling transmitting power of a base station in a CDMA mobile communi- 
so cation system of the present invention, one channel is selected as the transmitting power control object channel i from 
among a plurality of communication channels at regular intervals; and, in a transmitting power control process that 
updates the setting of the transmitting power of each communication channel such that the transmitting power control 
object channel i satisfies a prescribed speech quality, stores as the previous reduction rate D M the power reduction rate 
of the total transmitting power that was used in the preceding processing. 
55 For communication channels j other than the transmitting power control object channel i, values obtained by multi- 
plying transmitting powers PtxQ") currently set to each of communication channels as the result of the previous trans- 
mitting power control process by the previous reduction rate D t _., is output as the provisional transmitting powers of 
these communication channels j. 
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ransmttting ^ per <Nime| p^,.,^ ' ~™J ■»» "i-t « equal to or .ess than a specified maximum 

•.when the value obtained by multiplying the deSttSnTmMno S!j E.r.K 0 " 8 ' transmittin 9 P^r of that channel 
5 reduction rate D M is greater than the Specif ied maxTm!^^^ W b/ 3 prescribed *«**on °f the previous 

by dividing the maximum transmitting power per cn^pSxTh ZT & **" PmaX " Ch - a ^ined 

sional transmitting power of that channel i Pmax- 1ch by the preserved function is made to be the provi- 

each^n^^TSe 9 ZZ SonTaTe TTZ *» >™ M ^wer of 

» power of the base station is ^duc^S^Z!^^^^^ Pr ° POrti0n by which the traZSng 
specified maximum total transmitting power Pma? 9 t0ta ' baSe Stat,on ^n^ing power Ptotal by the 

the pSS^^^;' * ^eater than the maximum total transmitting power Pmax 
divided transn.tting power is'Tas ^SSSES^J^ * ^ ^V«?5 

rate D t . t for transmitting pewe? control ^1 l^ZSSSS*? °' *• P™ ious 

Jon channels j; then these transmitting pWrsTre nlZ£ S^F""^ redUCti ° n °" ** 
transmitting powers are used to effect octroi on^Sing pow^ transm,ttn 9 P*—: and these provisions 

power Pmax. mn9 power no ^nger exceeds the maximum total transmitting 

by «h,oh the previous reduction rata D,., is raisM to tt?™^ 01 *" p,e ™ us reauato " ™» "t-t * • "unction 
--^^cneehan^salectod^^ 

transrnitt'ngppwerconlroldoieclchanneli oomnx "" catK>n «nannels |. which are communication channels other than 
«al tona """^ »>• «" ^e s,a«on hanamittmo pteapu.^^. 

«e C, to convert the trantcnitting p,^ liffi SrtyILt eS, « - " a " ,es """"^ "einj, potae, oonvetsion 
transmitting peers of eomnunlcata, channels j oommuntoahon ohannela | are eat as the new 

transmming power by the power conversion rata max ' m, " ,, 10151 "ansmmng power Pmax by mulWying the set 

.ne»ir=^ 

mgly simplified. aways consta nt. and the design of a base station device is accord- 

transmmrng power o( each channel is being ttansmK M iSf^ .^f •"nemtSng power when the desired 

-~«"--™ea^^ 
BRIEF DESCRIPTION OF THE DRAWINGS 
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according to the prior art; 

Fig. 2 is a block diagram showing the configuration of a device for controlling transmitting power of a base station 
according to the first embodiment of the present invention; 

Fig. 3 is a flow chart illustrating the operation of the device for controlling transmitting power of a base station in Fig. 

5 2; 

Fig. 4 is a figure showing system configuration for explaining the operation of the device for controlling transmitting 
power of a base station in Fig. 2; 

Fig. 5 is a block diagram showing the configuration of a device for controlling transmitting power of a base station 
according to the second embodiment of the present invention; 
10 Fig. 6 is a flow chart illustrating the operation of the device for controlling transmitting power of a base station in Fig. 
5; 

Fig. 7 is a block diagram showing the configuration of a device for controlling transmitting power of a base station 
according to the third embodiment of the present invention; and 

Fig. 8 is a flow chart illustrating the operation of the device for controlling transmitting power of a base station in Fig. 

75 7. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Embodiment) 

20 

Explanation is first presented with reference to the accompanying drawings regarding the method of controlling 
transmitting power of a base station in a CDMA mobile communication system according to the first embodiment of the 
present invention. Constituent elements that are equivalent to those shown in Fig. 1 are identified by the same refer- 
ence numerals. 

25 The transmitting power control device of this embodiment comprises a transmitter, a receiver, and antenna branch- 
ing filter 108. 

The transmitter comprises a plurality of communication channel transmitters 101, pilot channel transmitter 102, 
total transmitting power calculator 103. comparator 104, reduction rate calculator 105, transmitting power decision unit 

106, and amplifier 107. The receiver includes amplifier 109, a plurality of communication channel receivers 110, pilot 
30 channel receiver 111, and quality judging unit 112. The transmitter and receiver can communicate with a plurality of 

mobile stations 1 13 by way of antenna branching filter 108 and an antenna. 

The points of difference between the device for controlling transmitting power of a base station of this embodiment 
and the prior-art device for controlling transmitting power of a base station in Fig. 1 are the provision of total transmitting 
power calculator 103, comparator 104, and reduction rate calculator 105, and the determination of transmitting power 

35 of communication channel transmitters 101 by transmitting power decision unit 106 based on the judgment results of 
quality judging unit 112 and the output of reduction rate calculator 105. 

Total transmitting power calculator 103 calculates the total transmitting power of communication channels 1-N. 
Comparator 104 compares the total transmitting power calculated at total transmitting power calculator 103 with a pre- 
determined prescribed value to determine whether or not the base station transmitting power is sufficient (whether or 

40 not the total transmitting power is greater than the prescribed value). If it is determined at comparator 104 that the base 
station transmitting power is insufficient, reduction rate calculator 105 calculates the reduction rate, which is the propor- 
tion by which the transmitting power is reduced. Transmitting power decision unit 1 06 determines the transmitting power 
using the power reduction rate calculated by reduction rate calculator 105 and resets the transmitting power at all com- 
munication channel transmitters 101. 

45 Explanation is next presented regarding the operation of the device for controlling transmitting power of a base sta- 

tion in a CDMA mobile communication system according to the present embodiment. 

Of the forward transmission signals, communication signals are outputted to communication channel transmitters 
101 and pilot signals are outputted to pilot channel transmitter 102. At communication channel transmitters 101, the 
transmitting powers are set based on the information notified from transmitting power decision unit 106. Modulation of 

so analog signals, frequency-conversion to a radio frequency bandwidth, and spread-modulation are carried out at each 
of the channel transmitters 101 and 102, and a signal produced by adding all channel signals is outputted to amplifier 

1 07. The signal amplified at amplifier 1 07 is transmitted to mobile stations 1 1 3 by way of antenna branching filter 1 08. 
Information regarding the transmitting power set at each communication channel transmitter 101 is outputted to 

total transmitting power calculator 103. Total transmitting power calculator 103 calculates the total transmitting power of 
55 communication channels 1-N, following which the total transmitting power calculation result that has been calculated at 
total transmitting power calculator 103 is outputted to comparator 104. Comparator 104 compares the total transmitting 
power with a maximum total transmitting power of the base station that has been specified in advance, and notifies the 
comparison result to reduction rate calculator 1 05. Based on the comparison result from comparator 1 04, reduction rate 



5 



SDOCID: <EP 0887947A2_I_> 



20 



25 



30 



EP0887947A2 , 

109 are oulputted to^aTc^^^^ ^J?™" branChin9 ,i,ter 108 ««r 

band s,gnals, and demodulation are carried out At aual^ull f^?,™**^ frequency-conversion toTase- 
t.on channels is extracted from signals tSt have 22 hESK ^ 2 ' qUa,ity informati °" of forward communlca- 
notified to transmitting power decisL un^k ^n^^ 18 ^ each of 110, and the results ?e 

J2 the H power red ^ rate notified "^J^TL^To!^ ' *» l ™ n ° »>™ 

quaWy-judgmg unit 1 12. and notifies each comrZfan Sl„™S ^ 6ther Wlth quality infor ™«on notified from 

In transmitting power decision unit 106 of the base station ^ , 

(Step A1). Th.s desired transmitting power is determined ?uSZm„? tn,s u commur " ca «on channel i is determined 

,£ nn6 ^ determined by «M^J«5I »"« l5 SKESES^ T tty ° f the forWard co ^unication 
the embodiment shown in Fig. 3 are procedures forr^«n!. ^ target speecn ^"t* The procedures of 

ting power Pa(.) of communication «h!S5SlSSSSS^ POW6rS that deter ™ e *. desired transmrt 
t-on channel j other than channel i is notified to total transmitting power Ptxfj) of each communica- 

PaO) for communication channel . is ToS ESSE? P0 "" T "'^ 1 ^ ^ desired transmitting* 

powers and calculates the total transmitting P ow£ S^h? 1 ° 3 ,heSe noWied tr «n9 

pared with a preset maximum total transmitting poweV^ix ofTh^ total transmitting power Ptotal is then com 
parator 104 (Step A3). When the result of conSson^^ 

power o, commune (D the fo.lowing. i.e.. when the transmitting 

of the base station is insufficient, reduction rato calSalo 5 SfflSf^ **> b6CauSe *• Emitting powe? 
transmitting power insufficiency. «*'cuiator 105 calculates the reduction rate, which is the proportion of 



Ptotal > Pmax q> 



the total transmitting power tobe contmlled^a STlt * ° f P ° wer enables 

ence power Ratio received at mobile stations l is at a S r,^"!'" 6 ^ maintaining the Signal-to-lnterfe^ 
found by the following equation (2) (Step A4) The **™**nQ Power reduction rate D, can be 

D t = Ptotal /Pmax (2) 

Ptotal < Pmax (3) 

« As shown in the following equation (4) the fransSno 12 ~ ?•? P ° Wer * 6300 communication channel (Step A6) 
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Ptx(i) = Pa(i)/D t (4) 

5 

If j represents all communication channels other than communication channel i p the transmitting power Ptx(j) of 
communication channels j is determined to be a value obtained by dividing transmitting power PXxQ) by power reduction 
rate D, as shown in the following equation (5): 

10 

Ptx(j) = Ptx(j) / D t (5) 



15 The setting of transmitting power at each communication channel transmitter 101 is updated to the value deter- 
mined by transmitting power decision unit 106. 

With the above-described procedures, the transmitting power of all communication channels can be reduced 
equally at a uniform ratio equal to the proportion of transmitting power insufficiency, thereby allowing a reduction in the 
degradation of speech quality of the forward transmission signal transmitted from a base station having insufficient 

20 power. 

Explanation of the operation of this embodiment is next presented using values from an actual example. 

Fig. 4 shows one example of the arrangement of base stations and mobile stations. Referring to Fig. 4, the CDMA 
mobile communication system of this embodiment comprises base stations 201 and 202 and mobile stations 203, 204, 
205, 206, and 207. Base station 201 is connected to mobile stations 203, 204, 205, and 206, and it is assumed that 
25 base station 201 is communicating with each of the mobile stations using communication channels 208, 209, 210, and 
21 1. Base station 202 is connected with mobile station 207 and communicating with this mobile station using commu- 
nication channel 212. 

Explanation is presented regarding a case in which the desired transmitting power Pa(i) of communication channel 
208 is set at the regularly spaced time points at which transmitting power control is effected. 
30 The transmitting power of communication channels 208-21 1 immediately preceding transmitting power control of 
communication channel 208 are the values shown in Table 1 below, and the maximum total communication channel 
transmitting power of base station 201 is 100.0 mw. 



Table 1 



45 



50 
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channel number k 


transmitting power Ptx(k) 
mw 


208 


10.00 


209 


35.00 


210 


40.00 


211 


13.00 


Table 2 


channel number k 


transmitting power Ptx(k) 
mw 


208 


20.00 


209 


31.82 


210 


36.26 


211 


11.82 
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aJ^ST" "5" *o e o 6Sired tranSmitKng power such mat communication channel 208 satisfies the target speech 
P~a, « each c^mun^on «M M is reaa. a, ,,ana™«,„ 9 pee, oeaU una ,06 is shZ "iSeTSp 
the transm.tt.ng power of all communication channels by a fixed proportion using power reducfion at D H ?h fl^ 

reduced because the transmitting power for other communication channels is reduced by tSe same portion 

fore, degradat.on of the Signal-to-lnterference power Ratio (SIR) is not significant. Proportion. There- 

(Second Embodiment) 

304. and the replacement of transmitting power decision unit 106 with transmitting power decision unit 305 ?2Z 
power decision unrt 305 differs with respect to transmitting power decision unit 106 in^ZsS ^ S 

c m omSS™ 

r 0 H„~ l hiS e t mbo f iment " 'eduction rate storage unit 304 is provided for storing the power reduction rate calculated hv 
reduchon rate calculator 303 for use in calculating the next power reduction rate of communion channef * 
and ™ v Tj P " ere . 301 Ft" informati ° n ° f the *™"*"8 power set at comn^ton^ne^mitters 101 
P y * the pr6ViOUS P ° W6r reduction rate notified from 'eduction rate storage iSSH£ ml 

' S 0045 10 COmparat ° rS 302 Com P^ators 302 compare the multiplied power wS th presti m^Zum 
SSSlnri, 0 " ChanneL The P0W6rS OUtputted from eacfeomparator ^^SSS 
r^mniL^/ t0tal transm,ttin 9 ^ calculator 1 03 to calculate the total transmitting power ° mmUn,Cat, ° n 

stafio^^TrluH^T^ 68 S tota ' transmittin 9 P° wer wrth th « P^set maximum transmitting power of the base 
station, and the results of comparison are notified to reduction rate calculator 303. Reduction rate cataZL «n 
tales the power reduction rate of the communication channels, and this power *uSo f£L I ^SSStSntSE 
power decision unrt 305 and reduction rate storage unit 304. Transmitting power decision unrt ^SSSSSSSSS 
mrtting power us.ng the power reduction rate notified from reduction rate calculator 303 together vSttv me nu^S" 

304. and the power outputted from comparator 302. and notifies each communication channel transmitter 101 

T«° n Q ' S " eXt P H reSented r69arding lhG ° Peratin9 prOCedures of embodimert with reference t^Fig 6 
Transm.ttmg power decsion unrt 305 of the base station determines the desired transmitting power 12 S th* 
commun.cat.on channels at regular intervals (Step Al). This desired transmitting power Pa« * SLKas^i 

Dowerm^nir^fl i0n channel , transmi tter 101 notifies information regarding the transmitting power to a respective 
power mutoplier 301 Power wtophar 301 multiplies transmitting power at the current time t Pt notified from pS. trfl 

h„ foll0Win9 eqUati ° n (6)l ,or c° mm ""ication channel i, desired transmitting power Pa(i) is muttiolied 

by the a power of prevous reduction rate D,., i.e.. D„" . at power multiplier 301 for communiSttorl IchannelT ' 
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Pa(i) x D t -l a (6) 

5 



Where a is a value within the range 0 ^ a ^ 1 , whereby D M a becomes 1 when a is 0, and D M a becomes D M when 
a is 1 . D M a is therefore a value within the range 1 ^ D M a ^ D t . 1 . 
io At comparator 302 for communication channel i, the calculation result of power multiplier 301 is compared with the 
maximum transmitting power per channel Pmax-lch (Step B1). When the calculation result of power multiplier 301 is 
greater, comparator 302 for communication channel i alters desired transmitting power Pa(i) to the value shown by the 
following equation (7) (Step B2): 

75 

Pa(i) = Pmax-lch / Dt-1 a (7) 



20 Comparator 302 for communication channel i then outputs a value obtained by multiplying this Pa(i) by D M a to total 
transmitting power calculator 103 as the provisional transmitting power. When the calculation result of power multiplier 
301 is smaller, comparator 302 for communication channel i outputs to total transmitting power calculator 103 the cal- 
culation result of power multiplier 301 for communication channel i, i.e., Pa(i) x D,^* as the provisional transmitting 
power without alteration. 

25 As for a communication channel j, power multiplier 301 for communication channels j multiplies Ptx(j), which is the 
transmitting power of communication channel j, by the previous reduction rate D M as shown in the following equation* 
(8), and makes this the provisional transmitting power: 

so PtxG) x Dt-1 (8) 



Comparators 302 for communication channels j output the power calculated by power multipliers 301 without alter- 
35 ation to total transmitting power calculator 103 as the provisional transmitting power. 

Total transmitting power calculator 103 calculates the total transmitting power Ptotal by summing up the provisional 
transmitting power of all communication channels (Step B3), and total transmitting power Ptotal is compared with the 
preset base station communication channel maximum total transmitting power Pmax at comparator 104 (Step A3). 
When the results of comparison at comparator 104 accord with the relation shown by the following equation (9), i.e., 
40 when the transmitting power of the base station is insufficient, transmitting power reduction rate D t , which is the ratio of 
power insufficiency, is calculated at reduction rate calculator 303 (Step A4). The equation for calculating the transmitting 
power reduction rate D t of the communication channels is shown in equation (10). 

<5 Ptotal > Pmax (9) 

Dt = Ptotal / Pmax (10) 

50 

In addition, when the results of comparison at comparator 1 04 accord with the relation shown in the following equa- 
tion (1 1), i.e., when the transmitting power of the base station is sufficient, power reduction rate D t is replaced by the 
power reduction rate D M at the previous time point t-1 as shown in equation (12) (Step B4). 

55 
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Ptotal < Pmax (l l) 

D t = r>t-i (i2> 



10 



15 



20 



304^nS^ e fo Ct, °?i rate Ca ' CU,ated 81 redUCti0n rate calcutetor 303 is then in reduction rate storage unit 



Ptx(i) = Pa(i) x D t -i a /D t 



(13) 



,n. HHZZOH?* TZ PIX(I ' °' comrM ^" <*«™« i is found by lire! multiplying transmit!™ power Ptxil) bv 



shown in the following equation (14) (Step B5). 

PtxG) x Dt-i/Dt (14) 



30 



35 



40 



fen IT*i ea i Ure of * his J mbodiment is "se of the power reduction rate D M of the preceding time t-1 in the calcula- 
te of the power reduction rate D, at time t. In the first embodiment described hereinabove the Ttransmitt inn ™Z « , m 

(Step A1). the transmrtting power thus reaching a minimum immediately before that channel tJSSSSTS! 52 

at th»L^ a T le ' the transmittin 9 P™ er of communication channel i is at a minimum after being subjected to control 
fu^^T 9 !^ PO ' nt M • ™ S P henomenon ten ^ to occur with the lengthening period of SS 5^?£ 
miSn ^ desired t tran , sm '« in 9 Power of each communication channe. based on speech quaWy i e £e perio?of m 
mm mg power control In this embodiment, however, the use of a value obtained by mulSing me transmmTno ™ 
Pteffi of commun.cat.on channel j by the power reduction rate D M at previous time poirS H n tSSS ouZ 

PtwnTJT* USi " 9 a , Va '. Ue ° btained by ""^"fl the P r ®"ous power reduction rate D, , by the transmrttinq cower 
7 3 Ca,cu at,on for communication channe. i using a value in which the JrtTence^ ^Z 
T 35 3 d6Sired *«««*H» Power Pa(i) of communication channel TmSKlSSSSiS 

to adapt to the enTnment c^^SSX^ J££" ^ " ' S 3 "'^ that <*" b * Varied 

- ™ri^ 

. " 'S assumed, the transmitting powers of each of communication channels 208-211 immediately orecedino the 
ZTES? "^T C °I ° f Communication channel 208 are the values shown in the vLS^SS^l tt^Tmum 
total commun.cat.on channe. transmitting power of base station 201 being 100.0 mw. and the" m^cTmum HHSSH 
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power per communication channel is 50.0 mw, and coefficient a is 0.5. In addition, the power reduction rate D t . i at the 
previous time t-1 is assumed to be 1.20. 



Table 3 



channel number k 


transmitting power Ptx(k) 




mw 


208 


20.00 


209 


30.00 


210 


40.00 


211 


10.00 



Table 4 



20 



25 



channel number k 


transmitting power Ptx(k) 




mw 


208 


14.61 


209 


32.02 


210 


42.70 


211 


10.67 



30 The desired transmitting power that allows communication channel 208 to meet the target quality is assumed to be 
15.0 mw (Step A1). Since the value 16.4 mw obtained by multiplying the desired transmitting power by power reduction 
rate 1 .20 of the preceding time point raised to the a power is smaller than the maximum transmitting power per channel 
of 50 mw (Step B1), the total communication channel transmitting power of base station 201 is next calculated (Step 
B3). The total communication channel transmitting power obtained at total transmitting power calculator 103 is 1 12.43 

35 mw, which exceeds the maximum total transmitting power of base station 201 , i.e., 100.0 mw (Step A3). The reduction 
rate calculator 303 then calculates the power reduction rate D t (Step A4) and obtains a power reduction rate of 1.12. 
The new transmitting powers of each communication channel reset by transmitting power decision unit 305 become the 
values shown in Table 4 (Step B5). 

As in the first embodiment described hereinabove, this embodiment prevents the transmitting power of the base 

40 station from exceeding the maximum total transmitting power Pmax by reducing the transmitting power of all commu- 
nication channels by a uniform rate using power reduction rate D t . In addition, this embodiment performs transmitting 
power control by multiplying the transmitting power of the transmitting power control object channel i by previous power 
reduction rate raised to the a power and multiplying the transmitting power of communication channels j by the pre- 
vious reduction rate D,^, thereby returning the transmitting power of each individual communication channel that has 

45 been reduced by the preceding transmitting power control to the value before the reduction, making these values the 
provisional transmitting powers, and then using these provisional transmitting powers. This embodiment therefore 
effects control by returning the transmitting power of each communication channel to its original value in cases in which 
the total base station transmitting power Ptotal does not exceed the maximum total transmitting power Pmax. 

so (Third Embodiment) 

Explanation is next presented regarding the third embodiment of the present invention with reference to the accom- 
panying drawings. Fig. 7 is a block diagram showing the device for controlling transmitting power of a base station 
according to the third embodiment of the present invention. Constituent elements equivalent to those of Fig. 2 are iden- 
55 trfied by the same reference numerals. 

The differences between the transmitting power control device of this embodiment and the transmitting power con- 
trol device according to the first embodiment shown in Fig. 2 include the elimination of comparator 1 04 and the replace- 
ment of reduction rate calculator 105 by conversion rate calculator 401. 
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™l °P* r ?* n9 ""f ^ ures <* this embodiment are next explained with reference to Fig 8 
transmitting power Ptotal always eauate^rZm ,nS. k calculates power conversion rate C, such that the 

Ct = Ptotal /Pmax (15) 

Ptx(i) = Pa(i) / C t (16) 

PtxO) = Ptx(j) / C t (17) 

the ™ximumla^s^ «" »> • -trolled so as to be equal to 

same proportion. Y mcreas,n9 the transm.tt.ng power of all communication channels by the 

Ptotal < Pmax (18) 
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An example is described in which the desired transmitting power Pa(i) of communication channel 208 is determined 
at a time of regularly spaced transmitting power control. 

The transmitting powers of each of communication channels 208-211 immediately preceding the transmitting 
power control of communication channel 208 is assumed as shown in the following Table 5, and the maximum total 
s transmitting power of the communication channels of base station 201 is assumed to be 100.0 mw. 



Table 5 



channel number k 


transmitting power Ptx(k) 
mw 


208 


20.00 


209 


30.00 


210 


40.00 


211 


10.00 


Table 6 


channel number k 


transmitting power Ptx(k) 
mw 


208 


11.11 


209 


33.33 


210 


44.44 


211 


11.11 



If, as a result of calculation by transmitting power decision unit 1 06, the desired transmitting power that allows com- 
munication channel 208 to meet the target quality is 10.0 mw (Step A1), then the communication channel total trans- 

35 mitting power calculated by total transmitting power calculator 103 becomes 90.0 mw (Step A2), and the total 
transmitting power is less than the maximum total transmitting power 100.0 of base station 201. However, when power 
conversion rate C t is calculated by conversion rate calculator 401 (Step C1), a power conversion rate of 0.9 is obtained,, 
and the new transmitting powers of each communication channel determined by transmitting power decision unit 106 
is as shown in Table 6 (Step C2). 

40 The present embodiment uses power conversion rate C t in place ol power reduction rate D t used in the above- 
described first embodiment, thereby not only preventing the transmitting power of the base station from exceeding the 
maximum total transmitting power Pmax by reducing the transmitting power of each communication channel in cases 
in which the total base station transmitting power Ptotal exceeds the maximum transmitting power Pmax, but also mak- 
ing the value of the total transmitting power always equal to the maximum transmitting power of the base station by mul- 

45 tiplying the set transmitting power by power conversion rate C t in cases in which the total base station transmitting 
power Ptotal is smaller than the maximum transmitting power Pmax. The base station transmitting power is thus 
always constant and the amount of interference from the base station no longer depends on the amount of traffic, 
thereby simplifying the design of a base station device. 

While preferred embodiments of the present invention have been described using specific terms, such description 

so is for illustrative purposes only, and it is to be understood that changes and variations may be made without departing 
from the spirit or scope of the following claims. 

Claims 

55 1 . A method of controlling transmitting power of a base station in a CDMA mobile communication system, comprising 
the steps of: 

calculating desired transmitting power Pa(i) of transmitting power control object channel i (i= 1,2, • • • ,n), 
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io 2. 



75 



20 



25 



4. 



5. 



currently set to said communication channelstuii^o no r&iUCing each Emitting povS Rxffi 

total transmitting power used in ^ °» *« **«££2 of £ 

for communication channels j(j= 1,2 . . . n -U^L, ^ 

tion channel j a value obtained by multiplying* r^mL ZT^ fransmittin 9 »~ <>' a communica- 
te. as the result of the preceding transn?^^^^ * 
for sa.d transm.tt.ng power control object channel im»L?!T P SS by pre/ious r «luction rate D t 
•a value obtained by multip.ying ZZI^™^*™™* Hamming power of that ^anne. 
reduct.cn rate D M if that value that has been mSK thTf V ! ^''^ Unction of said previous 
specrf.ed maximum transmitting power per^nTel ^ "T**? 1 ' S "** to or ^ than a 

of that transmitting power control object crW« Tvll^TjT" 9 PrOV, ' Sional transmitting po^er 
power per channel Pmax-lch by said bribed funr£„ f tan8d by dividin9 ^ maximum transmS 

aa Sn^' mUm transmrttin 9 Power per channel Pmax-1 C h ^ ° M * greater »»" «* spec- 

adding the provisional transmitting powers of each rl Join 

station transmitting power Ptotal; ° f sa,d ^^"ication channels to calculate the total base 

transm.tt.ng power Pmax; a "° n transm *r'g power Ptotal by a specified maximum total 

d.v.d.ng the provisional transmitting power of each of com ™ m 

D, and setting the thus-divided transmit^ mS£r as S ?™ un,cat,on ^annel by said power reduction rate 
calculating desired transmitting power Pafi) of tr»„ cm «• 
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6. A method according to claim 5 wherein said power conversion rate C, is a value obtained by dividing said total base 
station transmitting power Ptotal by said maximum total transmitting power Pmax. 

7. A base station transmitting power control device in a CDMA mobile communication system, comprising: 

5 

total transmitting power calculating means for calculating total base station transmitting power Ptotal by adding 
a desired transmitting power Pa(i) of transmitting power control object channel i (i= 1 ,2, • • • ,n), which is one 
channel selected for transmitting power control from a plurality of communication channels, and transmitting 
powers Ptx(j) that are currently set to communication channels j (j= 1 ,2, • • • ,n, j* I); 
10 comparison means for comparing said total base station transmitting power Ptotal with a predetermined max- 

imum total transmitting power Pmax; 

a reduction rate calculating means for calculating a power reduction rate D t which is a value for reducing said 
total base station transmitting power Ptotal by a fixed proportion when the comparison result by said compar- 
ison means indicates that said total base station transmitting power Ptotal is greater than said maximum total 

is transmitting power Pmax; and 

a transmitting power decision means for setting a value obtained by using said power reduction rate D, to 
reduce said desired transmitting power Pa(i) as the new transmitting power of said transmitting power control 
object channel i and for setting a value obtained by using said power reduction rate D t to reduce each trans- 
mitting power Ptx(j) currently set to each of said communication channels j as the new transmitting power of 

20 said communication channel j if said reduction rate calculating means has calculated said power reduction rate 

EV 

8. A base station transmitting power control device in a CDMA mobile communication system according to claim 7 
wherein said power reduction rate D, is a value obtained by dividing said total base station transmitting power Pto- 

25 tal by said maximum total transmitting power Pmax. 

9. A base station transmitting power control device in a CDMA mobile communication system, comprising: 

a reduction rate storage means for storing as previous reduction rate D M the power reduction rate of total 
30 transmitting power used in the preceding process in a transmitting power control process that selects one 

channel as transmitting power control object channel i from a plurality of communication channels at regular 
intervals and altering the setting of transmitting power of each communication channel such that the transmit- 
ting power control object channel i (i= 1 ,2, • • • ,n) meets prescribed speech quality; 

a plurality of power multiplying means corresponding to each of said communication channels that, for commu- 
35 nication channels j (j= 1 ,2, • • • ,n, H). makes the provisional transmitting power of a communication channel 

j a value obtained by multiplying transmitting power Ptx(j) currently set to each communication channel as the 
result of the preceding transmitting power control process by previous reduction rate Dt^; and for said trans- 
mitting power control object channel i, makes the provisional transmitting power of that channel i a value 
obtained by multiplying desired transmitting power Pa(i) by a prescribed function of said previous reduction 
40 rate D M when that value that has been multiplied by the prescribed function is equal to or less than a specified 

maximum transmitting power per channel Pmax-lch; 

a plurality of first comparison means, each connected to a respective said power multiplying means, each out- 
putting without alteration output from said power multiplying means when the relevant communication channel 
is not the transmitting power control object channel i; and, when the relevant communication channel is the 

45 transmitting power control object channel i, makes the provisional transmitting power of that transmitting power 

control object channel i a value obtained by dividing said maximum transmitting power per channel Pmax-1 ch 
by said prescribed function of said previous reduction rate D t _i when a value obtained by multiplying said 
desired transmitting power Pa(i) by said prescribed function of said previous reduction rate D,_ t is greater than 
a specified maximum transmitting power per channel Pmax-1ch; 

so a total transmitting power calculating means for adding output of each of said first comparison means and tak- 

ing the result as total base station transmitting power Ptotal; 

a second comparison means for comparing said total base station transmitting power Ptotal with a predeter- 
mined maximum total transmitting power Pmax; 

a reduction rate calculating means for calculating power reduction rate D t , which is a value for reducing by a 
55 fixed proportion said total base station transmitting power Ptotal, when the comparison result at said second 

comparison means indicates that said total base station transmitting power Ptotal is greater than said maxi- 
mum total transmitting power Pmax; and 

transmitting power decision means for dividing the provisional transmitting powers of each of said communica- 
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greater than said maximum total transmitting JJlS S ISS ^ transmi «i"9 power Rota, is 
ting powers by the previous reduction rate D, ^ s Sq tneS ££2"° ^ * ^ pr0visional transn * 
mrtbng powers of each of said comrnunication chTnneS ^^T^" 8 ?"" 19 as the new 

-s below said maximum total transmitting power S 6356 Stat '° n fr**"*** power Rotal 

10. Abasestation tracing peer ^^.C^^ mm ^^ m ^ 

SSSSSSSK^ ~ b - — » «ng pow er Ptota, by 

is one channel selected fo? transmSng t^ESiEfFT* Channe ' ' (i= 1 * * * * 

said total base station lISZj^S^^ - C " which is a *» converting 

raTdr^ a ::r~ 

channel i, and for setting values ob ainedby P fransmi «"9 P™er control object 

PtxQ) that are currently set to ea* oTsaJ \e£SJSSZ rate C « to aher ^nsmitting powere 

communication channels j. commun.cat.on channels j as the new transmitting poweS of said 

tal by said maximum total transmitting power Pmax 9 t0,a ' b3Se Station fra «ng power Pto- 
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Fig. 3 



c 



START 



3 



J' 



calculating the desired transmitting 
power Pa(i) of the channel i 



J 2 



calculating the total transmitting power P total 

P total=2Ptx (j) +Pa (i) 




calculating the power reduction rate Dt 

Dt= P total/P max 



Dt= 1 



calculating the transmitting power of each 
communication channel 

Ptx (j) =Ptx (j) /Dt 
Ptx (i) =Pa (i) /Dt 



A6 



c 



END 
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Fig. 6 



c 



START 



calculating the desired transmitting 
power Po(i) of the channel i 




Pa (i) =Pmax_1ch/ (Dt-I 0 ^) 



calculating the total transmitting power P total 

P total=Dt-1EPtx (j) 
+Pa (i) Dt-1°< 



B3 




calculating 




— A 


the 


power reduction rate Dt 


Dt= 


P 


total/Pmax 



Dt=Dt-1 



B4 



calculating the transmitting power of each 
communication channel 

Ptx (j) =Ptx (j) Dt-1 /Dt 
Ptx (i) =Pg (i) Dt-1<*/Dt 



B5 



c 



END 
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Fig. 8 
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START 



A1 



calculating the desired transmitting 
power Po(i) of the channel i 



A2 



calculating the total transmitting power P total 
P total=Z Ptx (j) +Pa (i) 



C1 



calculating the power conversion rate Ct 

Ct= P total/P max 



C2 



Ptx (j) =Ptx (j) /Ct 
Ptx (i) =Po (i) /Ct 



c 



END 
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